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RECENT DATA ON CONTOOLS 
By David G. Stone 

INTRODUCTION 


The accTjmulation of information on the characteristics of controls 
for high-speed airplanes has heen rather rapid within recent months. In 
the present paper an, attempt has heen made to piece together some of 
this recent information in a form that might indicate the types of con- 
trols to he ■used advantageously on swept wings (hoth rigid and flexible) , 
methods and gadgets. for balancing trailing- edge flaps, and the charac- 
teristics of some all-movable 'balls. 


CONTROLS ON WINGS 
Flaps 


Since in most swept-wlng airplanes the roll control is incorporated 
within the wing as traillng-edge flaps or spoilers, information on the 
best locations for effectiveness worild be highly desirable. Such infor- 
mation has been ob-talned for flaps by both wind-tunnel and rocket-model 
techniques (references 1 "to 5) • Figure 1 presents some data obtained 
by the rocket-model technique reported in reference 1. These data, 
from a systematic test series, show for rigid wings •the rolling effec- 
tiveness of 30-percent- chord flaps on a swept wing near zero 

lift. The value of 5 in "12113 paper signifies the deflection of the 
aileron on each wing panel. An interesting point is that the Inboard 
half-span flap is the most effective of the partial-span flaps at hi^ 
subsonic and supersonic speeds. This fact is well-known but it must be 
remembered that these data are for rigid wings that do not twist, hence, 
show the decreased aerodynamic effectiveness of the outer panels of 
swept wings. The dashed-line .curves illustla.'be the effect of reducing 
the flap chord to 15 percent. A reduction in effectiveness is shown, 
as might be expectedj_ for the half-span ailerons in both the inboard 
and outboard cases. Calculations for estimating control effectiveness 
can be obtained only by basing such calculations on experimen’bal data 
whereby the effects of Mach number,- aeroelastlclty, and so forth may be 
Included. Ideas for basing new methods of calcula-tlon may be obtained 
from references 6, J, and 8. 
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The effect of aerbelajsticlty iipon the effectiveness of half-span 
ailerons both outhoa 2 ?d inhoaird is shown In figure 2. For these 
rocket-model data shown, the wing with the outboard aileron and the 
wing with the inboard aileron were of comparable stiffnesses, and were 
reduced to the control effectiveness at sea level and ifO,OCX) feet 
altitude from the actual test conditions . For the outboard aileron at 
sea level, roll reversal occiors near M = 0.8 and remains negative at 
supersonic speeds. At ^,000 feet the effectiveness is always positive 
but becomes small at supersonic speeds. For, the inboard aileron at 
sea- level conditions, roll reversal occurs near M = 1.1 and gives 
near-zero effectiveness up to M = 1.8. At 40,000 feet positive effec- 
tiveness is obtained throu^ the speed range. The rigidity of the wings, 
for which these data are presented, would be similar to that for normal 
construction practices with no extra structural measures taken to 
increase the twisting rigidity of the wing. Unless costly stiffening 
procedures are incorporated in the wing design,, the effects of aero- 
elasticity on swept wings at low si 5 )ersonic speeds make, the future of 
traillng-edge flaps for ailerons look questionable. 

Another zero-lift investigation of a swept wing with considerable 
torsional rigidity yielded information on how to overcome this diffi- 
culty with aeroelastlclty through the use of spoiler- flap combinations. 
Figure 3 presents rolling effectiveness data for a particular swept 
wing with the relative merits of spoiler, flap, and the conibination com- 
pared for sea- level and altitude conditions. These data represent the 
characteristics of wing and controls of an actual fighter airplane. 

For sea level, the ailerons alone s-uffer roll, reversal at M = 1.0, the 
spoiler alone is the most effective at supersonic speeds, and the effec- 
tiveness of the combination is reduced considerably by the twisting 
action of the aileron. The relieving effects of altit\jxie are shown on 
the right. Here the ailerons alone do not give roll reversal, hence 
the spoiler-aileron combination adds up to be the most effective. 


Spoilers 

Inasmuch as spoilers appear to give good roll control, a systematic 
test series to determine effects of location, height, and so forth were 
investigated by the rocket-model technique on the same wing as the 
previous flap investigation. Fi^re 4 presents some of this information 
as the helix angle pb/2V developed by spoilers of 5-percent local- 
chord height for full span, inboard and outboard partial spans, and 
quarter- span outboard. span located at JO percent of the wing chord. 

Note, that like the case for flaps, the inboard location is the best for 
partial- span spoilers. These spoiler data ere not for rigid wings, but 
the spoiler will not twist the wing as much as ailerons. For example, 
for the same rolling effectiveness pb/2V the spoiler produces about 
one- third of the twisting moment produced by a flap-type aileron. 
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The effect of spoiler hel^t on the rolling effectiveness of this 
swept wing md an unwept wing for fiall-span spoilers is shown in fig- 
ure 5- On the left of the figure for the straight wingj is the 
plotted ph/2V versus spoiler hei^t in fractions of the local chord 
for various Mach numbers. Test points were obtained at l/2, 1, 2, and 
5 percent heights and show the effectiveness to be quite nonlinear with 
projection, especially at transonic speeds. Also shown is the decreasing 
effectiveness with Increasing Mach number. On the ri^t for the swept 
wing, test points were obtained at 2 and 5 percent heights, and show 
spoilers to be more effective than on the unswept wing above M = 0.95 
because. of the sweep and the thinner section. 

. Tests of a full- span spoiler on a low-aspect-ratio swept wing in 
the Langley 9- by 12-inch supersonic blowdown tunnel have shown the 
effects of angle of attack and spoiler projection on spoiler rolling 
effectiveness. Some of these data for M = 1.4l and M = 1.96 are 
shown in figure. 6. The rolling-moment coefficients are reduced for the 
spoiler deflected oh one panel of the complete wing including that area 
within the fuselage. For the data shown, the full-span spoiler was 
located at 75 percent chord. The positive h/c means the spoiler was 
deflected below' the wing, and the negative h/c means deflections out 
of the top surface. Note that the spoiler is effective in producing 
rolling moment whether deflected on the top or below the wing over the 
angle-qf- attack range tested. At a Mach number of 1.96 the initial 
values of Cj are less for a given deflection than at M = 1.1|-1. Also . 
the effectiveness of the ijpward deflected spoiler decreases with 
increasing angle of attack. Subsonic-^eed tests in the Langley 7- 
by 10-foot tunnel of a similar single spoiler on an aspect-ratlo-4 swept 
wing showed the same angle -of- attack effects and that the toward 
deflected spoiler became Ineffective near l6° of angle of attack ( see 
reference 9) • 

From the preceding data spoilers appear attractive as a roll control, 
but there is a drag penalty for their use. An illustration of the .drag 
effects of the inboard half- span spoiler deflected on one panel of the 
45° swept wing is shown in figure J. The bottom curve is the drag coef- 
ficient of the wing alone, then the wing plus the 2-percent spoiler and 
the 5-percent spoiler heights. In evaluating these drag increases, it 
should be remembered that the 2-percent spoiler gives roll effectiveness 
equivalent to a 5° aileron deflection, on a rigid wing, the spoiler is 
out but a short time, and favorable yawing moment is produced by the 
deflection. 
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BALANCING TRAILING-EDGE FLAPS 


Flap-type controls will -be Included on future conse- 

quently, the problem, of reducing their hinge .moments without reducing 
the effectiveness is an ever recurring difficult problem. The staff of 
the Langley 7- "by 10- foot tunnel has attacjsed this balancing problem 
by investigating a variety of devices both old and new on a swept wing 
moimted on the sidewall of the tunnel which gives data throu^ a Mach 
number of 1. ‘ The. balancing methods to be presented are by no means 
optimum schemes because of the preliminary nature of the investigations 
but do show Which devices bear p 2 x>mise for reducing the hinge moments of 
trailing-edge flaps, Ail deflections and hinge moments for flap- type * 
controls were measured. peipehdicular to the hinge line. 

One of the old balance schemes tried, were tabs which are reported 
in reference 10. EeSults of this prel im i n ary Investigation are shown ; 
in figures 8. and 9« .Shown on figure 8 are the "inset" tab (the standard 
tab arrangement) , and the "attached" tab where the tab hinge line is at 
the flap trailing edge; and on figure 9/ nre the "detached" tab where 
the tab hinge line is nearly a flap chord behind the trailing edge, and 
a "detached linked" tab or "lifting tab” proposed by the Douglas Aircraft 
Company. The geometric data of the wing, flap, and tabs are listed on , 
the figures. The data shown on the figures are. the. lift. coefficient due 
to flap deflection CLg for a tab deflection that gives zero hinge 

moment due to deflection, the hinge-moment coefficient due. to angle of 
attack Ch^, and the ratio of tab deflection to flap deflection to 
obtain zero The plain-flap data without tabs are shown for refer- 

ence also. 

The inset tab reduces the effectiveness of the flap considerably at 
transonic speeds, whereas the attached tab does not. The inset tab and 
the plain flap have similar characteristics, but the attached tab 

produces higher negfitlve yadues of which would aid in balancing 

ailerons in rolling maneuvers. The tab deflection required for both 
arrangements is in the oixLer of two to three times the' flap deflection 
as shown in the bottom curves. 

Figure 9 shows the effect of placing the tab on an arm. Here the 
detached tab gives slightly less effectiveness plain control, 

where the detached linked tab increases the effectiveness. This comes 
about because the tab surface deflects in the same direction as the flap 
and a gearing arrangement within "the wing converts this moment due to 
lift into a moment to balance the flap hinge moments . The detached tab 
produces near -zero Cha,^ detached link tab produces large nega- 
tive values of which for ailerons would be balancing. The 
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detached tah requires deflections of 1^ to 1^ tim.es the flap deflection 

where the linked tah requires 'more deflection, due to its area of about 
half the detaclied tah. These results indicate that tahs may he used to 
balance cont 2 xils and that such arrangements should he investigated 
further both statically and dynamically. 




Also seveial arrangements of overhanging balances and horns were 
Investigated by the 7- by 10-foot tunnel staff on this same wing and 
flap. Some of this . Information, reported in references 11 and 12, is 
shown in figures 10 and 11. Shown in figure 10. axe the plain flap and 
the blunt overhang with 50 -percent balance areaj and in figure 11 tvro 
types of horn balances, a normal tip horn and paddle balances above and 
below the wing ahead of the hinge line at the mid-span location. In 
figure 10, then, the lift effectiveness of the flap Clq is reduced 
some above M = 1.0 by the blunt overhang. The blunt overhang produces 
positive values of hinge moment due to angle of attack and has ' decidedly 
nonlinear hinge moments with deflection as indicated by the two curves 
for Cjig at small deflections and large deflections. These data indi- 
cate that it may be possible with some arrangement of overhang suid con- 
trol section shape to balance a flap for a given design. In. figure 11, 
the horn and paddle balances change the lift effectiveness of the flap 
slightly, increasing for the horn and decreasing for the paddles. Both 
overbalance the flap in terms of angle of attack as shown by the posi- 
tive values with the paddles giving a more uniform variation at 

transonic speeds. Both horn and paddle arrangements had a balancing 
effect on hinge moment due to deflection as mi^t be expected for balance 
areas involved. 


A new method of actuating flap controls by means of an aerodynamic 
servo-vane control has been devised by Mr. ¥. H. Phillips of the Langley 
Laboratory and reported in reference 13* This so-called servo^vane 
control system is Illustrated in figure 12. A movement of the control 
stick causes the vanes, which are in a spanwise torque tube, to project 
from the siirface of the wing as shown by the rear view of the wing at the 
top of the figure. Brag force on the vanes then causes the tube to 
rotate about an axis parallel to the control surface. This rotation, 
through the gearing, causes rotation of the control surface so that when 
the vanes blow back the control siirface deflects in the same direction 
as the projection of the vane. With such a system flap-type controls 
may be operated with a relatively small control force. The effectiveness 
of this servo-vane system is shown as the incremental lift coefficient 
at a = 0° due to a vane deflection resulting in 10° flap deflection as 
compared with the incremental lift coefficient due to the flap alone 
deflected 10°. These data from the 7 "by 10 bump show the vane- or 
spoiler-flap combination to be more effective than the flap alone. Shown 
on the right are the flap angles resulting from deflection oX the vanes 
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at Mach numbers of 0,6, 0.9, and 1.0. These data indicate a nonlinear 
variation of flap deflection with vane angle at M = 0.6 and M = 0.9 
and decrease, in servo power of vane at M p 1.0. 


ALL-MOVABIE TAILS 


Recent tests of missile configurations by the rocket-model tech- 
nique (references, ik and 15) have given data on a 6o° delta plan form 
which may be Viewed in the light that these results could apply as air- 
plane pitch controls whether all-movable. or flap, type. A coiuparlson of 
some of this information is shown in figure 13. Shoira are an all- 
movable control, a large flap control, and an all-movable tip control. 
Shown on the left is the lift effectiveness of the controls In 

thinking of this CLg as lift produced (or required) on. the tail, 
indications are that an all-movable tail would be required since Clq 

is large for the all-movable surface (the solid line) as compsired with 
the flap and the movable tip. On the night are the hinge-moment-coeffi- 
cient characteristics of these controls. These data show that the all- 
movable controls show promise of balancing ‘out the hinge moments due to 
both angle of attack and deflection, whereas the flap develops large 
hinge moments, and increasing the flap area to increase the, effective- 
ness would only aggravate the control problem. It is known that, at 
larger angles of attack, the balancing of aid-movable deltas is not ets 
good, but by linking the flap on to the all-movable gurfa.ce adeqxiate 
balance characteristics may be obtained. 

An exan 5 )le of combining the aerodynamics of an eJ-l-movable tall 
with that of a flap is the type of "flying tall" devised by the Grumman 
Aircraft Engineering Cor^any for the XFIOF airplane. Figure Ik shows 
incket-model results of a tail-alone model of this free-floating tall. 
The scheme of how the tail operates is shown on the ri^t of the figure. 
This entire configuration rotates freely about the pivot, and the con- 
trol stick is directly connected to the bow plane or canard surface 6(. 
which is used for positioning the tail to various deflections 8 aero- 
dynamically. The main surface is equipped with a trailing-edge flap 
which is linked as a leading-edge flap. For this test the flap deflec- 
tion equalled the deflection of tall in the same direction. The pivot 
point of the tail was such that without the flap the tail would be 
unstable for the siibsonic center-of -pres sure location. The flap moment 
supplies the balancing action at subsonic speeds.. At si^ersonic speeds 
the center, of pressxire moves over the pivot point, the flap loses some 
effectiveness, and the tail is slightly more stable or stiff than at 
subsonic speeds. Trim changes on this tail, then, dp not affect the 
motion of the airplane, only the stick force and position which are the 
result of the llnked-flap moments on the canard trimming position. This 
effect was found to be very small. 
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The damping characteristics at two trim positions of thds free- 
floating tail ,^e shown on the \:ipper left of the figure as C m^ the 

rate of change of pitching moment with rate of deflection. Note the 
very narrow region Just under M = 1.0 where the tail lacks damping in 
pitch. It appears that a dn,Tr^er may he adequate in overcoming this 
singular lack of damping. On the lower left is shown the lift effec- 
tiveness of the tail value of is always greater than 0.06 

Indicating good effectiveness through the speed range- The effective- 
ness of the canard or how plane is shown as AS/aSj.^ that is, the tail 
deflection per.- unit aerodynamic servo deflection. No variations 
of i^^/ASc were encountered over the speed range, which shows the front 
surface to he adeqioate in trimming the tall. GThis type of tail needs 
more investigating. Inasmuch as there are many combinations of linkages, 
aerodynamics, and downwash fields. 

Another type of all-movahle tail is one of swept plan form. If a 
swept-wlng plan form is adapted for an all-movahle tall the hinge moments 
may he reduced considerably by sweeping the hinge line. This scheme is 
shown in figure 15. Tests in the Langley 7 by 10 tunnel on the hump of 
this swept wing with the hinge line normal to the air stream (refer- 
ence. l6) showed that the centers of pressure move ou-fcward as well as 
rearward with increasing airspeed as indicated by the dots on the sketch 
of the wing plan form. It is seen that, if the hinge line were made to 
lie along the ou-fcyard movement of the centers of presstare, reduction in 
hinge moments would he possible. Such a test was made on the 7 '^7 
10 side. wall where the hinge line was swept 45.6° and at 23.5 percent of 
the chord. The results of the tests are shown on the upper left as a 
plot of the total hinge-moment coefficient that results from a desired 
tail lift coefficient of 0.4 for the cases of the swept and unswept . 
hinge lines. The test points are actual data points and the faired lines 
also indicate about how well these characteristics can he calculated 
knowing the spanwise and chordwlse center-of -pressure variations . Note 
that if both hinge lines are designed to give zero C ]2 at subsonic speeds 
that because of the outward movement of the center of pressvire the 
swept hinge has considerably less hinge-moment coefficient at transonic 
speeds than the uhswept hinge line. This type of tall with a swept 
hinge line appears to be a "natural" for.. the addition of a linked tab 
to compromise hinge moments at other tail lift coefficients, and needs 
further investigation along these- lines. 

EESUME 


To. summarize briefly, recent experimental results were presented 
which indicated that: 


8 


HA.CA RM L52A.10 


1* For pajrtlal- span flaps "the inboard location is the best for 
ailerons, but the effectiveness is seriously reduced by eieroelastlc 
effects. 


2. Spoilers appear as a promising means of roll control. 

3. Plain flaps may be balanced without reducing the effectiveness 
by means of tabs, horns, and spoiler-flap combinations. 

4. All-movable tails of delta and swept plan forms ^j^ear particu- 
larly promising both fTOm the effectiveness and control-force standpoints 


Langley Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va. 
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Figure 1.- Effect of spanwise location of flap-type ailerons 
on the rolling effectiveness of a rigid sweptback wing. 
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Figure 2.- Effect of aero elasticity on the rolling effective- 
ness of a sweptback wing with half-span outboard nnd 
inboard flap-type ailerons. 
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Fig\ire 9-- Effects of a detached and a detached linked tah on 
the aerodynamic characteristics of a full- span flap. 



Figure 10.- Effects of hl\mt . overhang of 50-percent balance 
area on the effectiveness and hinge-moment characteristics 
of a full- span flap. 
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Figure 11.- Effects of a horn and paddle halahces on the 

effectivenesB and hinge -moment characteristics of a full- 
span flap. 



VANE AND FLAP DEFLECTED 



Figure 12.- Aerodynamic characteristics of a swept wing with 
a flap operated hy a series of servo^vanes. located ahead of 
and geared to the flap. . .. 
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Figure 13 .- Effectiveness and hinge -moment characteristics 
of all-movable, flap, and movable-tip controls on a 
60 ° delta wing. 
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